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Merpnoscig ot Mnyoavikny Pevotov | ¢

o O teYVIKEG LETPNGEMV EIval ONUOVTIKEC, O10TL T Mnyavikn Pevotov
Baciletal Baciletor o€ peydro Pabud oe mepdpuoata.

e O TeYVIKEC LETPNGEMV EMIKEVIPOVOVTOL KUPLWOG OTN LETPNON TNG
TOYVTNTOS KOl TLEGNS KOl GTI] HETPN G TS TAPOYNS

e H pétpnon ¢ napoyng olokpivetal Ge:

Apegon pétpnon Topoyng : uérpnon oykov / naloc pevetoL o
OpLGEVO YpOVO (T}, KOVPEC)

"Eppeon pétpnon mopoyns:  UETPTNOTN KATAVOUNG TOXVTNTOGC
— VTOAOYIOUOC TTapOoYNG (.. pEUaTa)
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IHawpapoato otn Mnyovikn Pevotov | 22
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MeTpnteg wieong

Pointer

Bourdon-tube FIGURE 3.14

spring Bourdon-tube gage. (a) View of a typical gage
(photo by Donald Elger). (b) Internal mechanism

© (schematic).

Section 4-A
through tube

(b)
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MeTpnTég Tapoyns 44

AMNO-MMNA

=N The Model 001 & Model 002 Flow Meters
represent a standard in open channel flow

measurement. First introduced under the

“Braystoke” brand over 30 years ago, both
meters use the simple premise of converting
speed of rotation of the helical impeller into
speed of water. Available as a wading set for
hand held use in shallow water, or as a hand-
sus pension system for use from bridges or

boats, the Models 001 & 002 offer a quick, cost-
effective method of measuring flow in a variety
of open channel applications.

Specifications

Maodel 001

Type: 8011 series High Impact Styrene Impeller
Size: 125mm diameter by 27 0mm pitch
Range: 0.03 to 10m/s

Accuracy: #1.5% of reading above 0.15m/'s
#0.004m/s below 0.15m/'s

Model 002

Type: 1178 series High Impact Styrene Impeller
SZe: 20mm diameter by 100mm pitch

Range: 0.045 to 5Sm/s

Accuracy: #2.5% of reading above 0.5m/s

H.01m's below 0.5m's

Mnxavikr) PeucTtwyv 7



MeTpnTég Tapoyns +4

The Model 801 Electromagnetic Flow Meters
measure the speed of water in Open Channel
environments with exceptional accuracy. Two
sensor types are available,to suit different
application requirements, but both offer
excellent durability, reliable accurate data, and
are suitable for use in clean water and dirty or
difficult environments.

What's the Difference?

The smaller sampling volume of the flat sensor makes it very much
more suitable for shallow flows, or measurements in confined
spaces. However, it is also very much more sensitive to turbulent
flows, which may manifest as appanently noisy real time readings.
This effect can be minimised by using a long (>30secs) average
period. The larger sampling volume of the cylindrical sensor
effectively eliminates the turbulence noise, but also means that a
greater depth of wateris reguired for measurements.

ANG-MMA Mnyavikr} PeuoTwv 8



MeTpnTég mieong s

e M KAOGGIKN TEYVIKT LETPNONG TTieonS mepthauPdverl Tn ypnon
GTNADOV VYPOV GE KATAKOPVPOVS 1] KEKAILEVOLS GCOANVEC.
e O1 petpntéc mieonc mov Pacilovtol 6E aVTH TN TEYVIKN OVouAlovTot
LOVOUETPOL.
e A1d@opol TOTOL LOVOUETPWV:
Yopapyvpikod BapOoueTpo (TVTIKO TOPAOELY O LLOVOUETPOV)
[TieopeTpkodc oAV
Mavoperpo oyfuatog U
Kexhpévo pavopetpo

AMNO-MMA Mnxavikr) PeucTtwyv 9



Yopapyvpiko Mavopetpo $3

e IIpoxerton yio Eva Opyavo TOUL YPNGLUOTOLELTOL Y10 TN ULETPNON TNG
A TULOCPOPTKNC TECTC.

e H micon o1 Kopve1n ToL PapouUéTpov 1GOVTAL LE TN TAGT] OTUOV TOV
VOPAPYVPOV p,, M OTOLN EIvOL TOAD IKPT.

e Metpovtag o h, umopel vo TpOGOI0PIGTEL 1] TOTIKT) OUTULOGPULPIKT
TlEOMC, UE TN YPNON TNS VOPOCTATIKNG £EIGMONC TiEGNC:

— i A mercury barometer.
patm = 'Yth + plr" i, ’Yth Vapor

pressure
(2 of Hg

e
Column of
/ mercury rises
/| to height A.

Atmospheric
/ pressure
pushes
down.
| AT N
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INeCopeTPIkog GOANVOG +4-

e O amAovGTEPOC TOHTOC LOVOUETPOV ATOTEAEITAL QIO EVOV KOTAKOPLPO
GOANVO, OVOTKTO GTNV KOPLPT], O OTO10G EIVOL GLVOEIEUEVOC LE TO
00YEl0 6TO OMmOi0 BEAOLLE VO LETPTGOVUE TNV TEST).

e H micon unopel va vToAoy1oTEL TN YPNON TGS VOPOGTATIKNG EEICMONG
migong: P = Yh + pg

e Am\O Ko akplEC OpYOvVO LE LEPTKA LELOVEKTNLOTOL:

e Movo Otav 1 wieon givor HeYOADTEPT) OTTO TNV ATLOGPOLPIKT

Open

|

o KatdaAAnAo povo yio PIKpEG TEGELS hy
o KataAinio povo yia vypa Pa = Y1l /
10y AL N

|—-.
—
—
—
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Moavougtpo oynuatog U 44

e To pavouetrpo oynuatog U petpd tnv mieon LEC® TNG O10POPAS DYOUC
000 GTNAMV PELGTOV GE LOPOCGTATIKN IGOPPOTIL.
e To pevotd UEGH GTO LOVOUETPO OVOUALETOL LOVOUETPIKO PEVGTO.

e H micon unopel va vToAoy1oTEL TN XPNGMN TGS VOPOGTATIKNG EEICMGONG
TECNG: Pa = Yol — Vil Open
e Av 10 A mepEYEL 0€PLo TOTE: Pa = Volis

Y2

(gage |~

fluid)
R

AMNO-MMA Mnxavikr) PeucTtwyv 12



Moavougtpo oynuatog U

EXAMPLE 3.4

Pressure Measurement (U-Tube Manometer)

Problem Statement

Water at 10°C is the fluid in the pipe of Fig. 3.16, and mercury
is the manometer fluid. If the deflection A/ is 60 cm and € is
180 cm, what is the gage pressure at the center of the pipe?

Define the Situation

Pressure in a pipe is being measured using a U-tube manometer.

Properties:
« Water (10°C), Table A.5: y = 9810 N/m?
« Mercury, Table A.4: y = 133,000 N/m?

State the Goal
Calculate gage pressure (kPa) in the center of the pipe.

Generate Ideas and Make a Plan

Start at point 1 and work to point 4 using ideas from Eq. (3.10c).
When fluid depth increases, add a pressure change. When
fluid depth decreases, subtract a pressure change.

AMNO-MMNA

Take Action (Execute the Plan)

1. Calculate the pressure at point 2 using the hydrostatic
equation (3.10¢):

P2 = py + pressure increase between 1and 2 = 0 + v, Ahy;
= (0.6 m) = (133,000 N/m’)(0.6 m)
= 79.8 kPa
2. Find the pressure at point 3:

« The hydrostatic equation with z; = z, gives

Dilwater = Palwater = 79.8 kPa

« When a fluid-fluid interface is flat, pressure is
constant across the interface. Thus, at the oil-water
interface

p3|mercury o p3|water =798 kpa

3. Find the pressure at point 4 using the hydrostatic
equation given in Eq. (3.10¢):

ps = ps — pressure decrease between 3 and 4 = p; — v,7
= 79,800 Pa — (9810 N/m’)(1.8 m)
= 62.1 kPa gage

-
_‘. 4__
o
Flow
{
— 1
g
Ah
;v @ v B,

Mnxavikry Peuo
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KexkMuévo pavopetpo ces

o ['ta v akpiPn] p€tpnomn mToAd UIKPOV O0POPOV TECTC UE LEYAAN
aKpifela xpnNGIULOTOLOVVTAL TO, KEKALUEVO, LOVOUETPOL.
e H owpopad miconc umopet va vmtoroyiotel T ypnon ¢ e€locmonc:
Pa — Dg = Y2ty 8in 0 + y3h3 — yihy
e To KEKMUEVO HLAVOUETPO GLYVA ¥PNGLULOTOLELTAL Y10 aEPlal, OTOL M
nopomdve eEicmon arhomoleiton og: Pa — P = Yoty sin b

AMNO-MMA Mnxavikr) PeucTtwyv 14



Mnyovika kor Hlektpovika 4+
Opyova Métpnong Ilicong

e To pavopetpa ivor apyd Kol aKaTAAANAQ Y10, TOAD VYNAEC 1 TAYEWDG
LETAPAAAOUEVEC TIEGELC.

e To unyavika opyava, m.yx. povopetpo Bourdon, Bacilovial otnv
ELAGTIKT] TOPAUOPPMGCT) KO LETPOVV TT| GYETIKT TTLEST.

e To avepoeldn PapoueTpa LETPOVV ATTOAVTI ATLOGOOLPTKN TECT).

e O uetatpomneic mieong (pressure transducers) mapEYovv NAEKTPIKO
MU0 Y10 GLVEYT KOl OUVAUIKT LETPMON.

e O meConAekTpikol acONTNPEC KOAVTTOVYV UEYALO EVPOC TIEGEMV KOl
GLYVOTNTMV.

AMNO-MMA Mnxavikr) PeucTtwyv 15



Mnyovika kor Hlektpovika
Opyava MéTpnong Iieong

~~Bourdon C-tube

Core

Mounting

block \

Pressure line

Spring

AMNO-MMNA

M Figure 2.14 Pressure transducer that
combines a linear variable differential
transformer (LVDT) with a Bourdon gage.
(From Ref. 4, used by permission.)

(a)

Case

Diaphragm

stop i
 Electrical connections

Armature

Diaphragm

Link pin

Beam (strain gages deposited on beam)

)
B Figure 2.15 (a) Photograph of a typical pressure transducer with a male
thread fitting in front of the diaphragm for system connection and an electrical
connector in the rear of the device. (#) Schematic diagram of a typical pressure
transducer device (male thread connector not shown). Deflection of the
diaphragm due to pressure is measured with a silicon beam on which strain
gages and an associated bridge circuit have been deposited.

Mnyavikr} PeuoTwv
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MeTpNTEG TOYVTNTOG s

e H toydtnta g porg umopel va petpndet dueca 1 Eupeca pe opyava
mov BaciCovton 6TV TEST), GTNV TEPIGTPOPT], GTN OEpUIKN UETOPOPA.
N G€ OTTUKA POLVOLEVOL.
e H emioyn ¢ katdAAnANG nebdoov eCaptdrarl amd To €100¢ NS poNc,
TNV ATOUTOVUEVT) aKpiPeta Kot T YpOoVIKT LETAPOAN TG TaydTNTOC.
e Ald@Qopol LETPNTEC TAYDTNTOG:
YoAnveg pitot (Baciouévol otn mieon)
Opyava devbvvong kol cuvictocav toyvtnTog (Yaw meters)
Avepopetrpa (Mnyovikd Kot Oepuikd)
Ontikd Opyava (Avepouetpo Laser-Doppler)

AMNO-MMA Mnxavikr) PeucTtwyv 17



X OAvES pitot

e Ymdpyovv tpia €10 cwANvoV pitot:

AMNO-MMNA

>oAnvog kpovong (stagnation — pitot - tube):
Metpd v KpovoTtikn wieomn evOLYPAUUGUEVOC LE
M pon|. H axpifeia tov ennpedleton and to 1EmM
QOLVOUEVO GE YOUNAOVG ap1Buovg Re.

2ToTikOC cAM VS (static tube): Metpd ) otatikn
Tieon PECH TAELPIKMOV OOV YMPIG VO O TAPAGCEL
N pon).

>OAMVOG 6toTikdc-Pitot: MeTpd TovTOY POV OAIKT
KOl GTATIKT TECT Y10l TOV VITOAOYIGUO TNG
TOYOTNTOG,

Mnxavikr) PeucTtwyv

000
00
L X J
[
Section views of (a) Pitot
tube, (b) Static tube, and
(c) Pitot-static tube.
Pitot tube
(a)
Static tube
(b)
Pitot-static tube
(c) 18



2. OANVES pitot-static

e Ymdpyel Eva onueio kpovonc (Stagnation point) o kdOe akivnto
coua Tov TomofeTeiton oE pEOV PELGTO.

e Elicwon Bernoulli

AMNO-MMNA

p+apV?

l

Kpovotikn
mieon

+ vz =

— constant along a streamline

l

Ok
mieon

Mnyavikr} PeuoTwv
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2. OANVES pitot-static ces

e H yvoon tov TIHdV TNG GTATIKNG KO TNE KPOVGTIKNC TEGNC GE £val
PELGTO EMTPEMEL TOV VITOAOYIGUO TNG TOYVTINTAC TOL PEVLGTOV.
e Avtn eivon n apyn Aettovpyiog Tov cwAva Pitot—ctatiko.

® AVO OUOKEVTPOL COANVEG GLVOEOVTUL GE OVO OPYOVO, LETPNGNC TEGTC
(M 6€ €va OLOLPOPTKO OPYOVO), MGTE VA ELVOL OLVOTOS O TTPOGOIOPIGLLOG
TOV TILAOV TNE OTATIKNG KO TNG KPOVGTIKNG Tieonc (1 TS S1apopdc

TOVQ). )
1] Ps=P1=P

= py=p+ oV

ps — pa = 3pV?

(@ (b) V= \/2([)3 . [’4)/}9

AMNO-MMA Mnxavikr) PeucTtwyv 20



XA vES pitot-static s

e O omég pétpnonc mpénel va eivor amolDTmG Agieg Kot ympic atéAELEC.

e H 0éon tov omdv otaTIKNC TEGNC TPETEL VOl EIvol CMGTA ETIAEYUEVT).

e O corvog mpémetl va evBuypauuiletor 0G0 T0 OLVATOV KOADTEPQ LE
N o1evuvon g pong, TapAIAANAOG (£ 5°) ot pon).

e [0 peydieg tayvINTEC TPEMEL VoL Ao Avovtot VTOYT AtVOUEVO,
GUUTIECTOTNTOC.

e X& poég Ue dyvootn oevbvven umopet va ypnoipomotnoel
KatevBuvTikog Pitot.

AMNO-MMA Mnxavikr) PeucTtwyv 21



MeTpntéc yaw

TIEGEWMV.
N OLLPOPIKT TTiEDT.
avAAOYO LLE TOV TUTO.

E101KEC GYEGELC.

AMNO-MMNA

Metpd o1evBuvvon Kot pETpo
TOYOTNTOC UEG® TOAAATADY

FIGURE 13.5

Various types of yaw meters:
(a) cylindrical-tube yaw meter,
(b) two-tube yaw meter,

(c) three-dimensional yaw
meter.

[Iepiotpépeton LEYPL va, UNOEVIGTEL
KoataAinio yio 2D 11 3D poég

H tayvtnta vroloyiCeton amod

Mnxavikr) PeucTtwyv

Vo
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Mnyoavika AvepopetTpo $+

e To aveuouerpa nrepuyiV Kol EMKAC LETPOVV TNV
TOYVTNTO LEGH TNC TEPLOTPOPNG TTEPLYIMV TOV
KIvoOvTol ot T pon.

e H tayvmrto vwoloyileton amd ™ cuyvotnTa
TEPIGTPOPNS TOL POTOPA LECH NAEKTPOVIKOV
KUKAOUOTOG 1] UNYOVIKoD OEKTY).

e To aveldUeTPO KUTEAA®Y UETPA TNV TAYVTNTO OTTO TN
Ovvaun OTIGOEAKOVGOC TOV OOKEITAL GE KUTEAALOELON
GTOLYELC.

e Toa avepOUETPO XPNGLUOTOIOVVTOL OYL LOVO GTOV GEPO
aALG Kl GE VYPAE, OTOG GE TOTAUL KOl PEVLLOTOL.

AMNO-MMA Mnxavikr) PeucTtwyv 23



AvepopeTpo Opuikg aVTIGTACEMS |

e Metpohv TV TodTNTA LECH TNE YOENG EVOC Bepuovouevov aucntipa
amd TN pon AOY® peTAPOPAS BepuotnTac.

e H nAextpikn 1oyv¢ M 10 pedua Tov amonteiton yio vo, datnpnoei n
Depuokpacia Tov acOntpa cvoyetiCeton pe TV TodTNTA TS POTG.

e 'Eyovv moAb vynin ypovikn amdKplon Kol Eival KATAAANA Yo LETPMNON
TOLOVTMOGEWMV GE TVPPOON poT).

e To mold tikpd uéyeboc Tov ocONTNPO ETITPETEL LETPNOELS OE TEPLOYES
OT™WG TO OPLULKO GTPOLLAL.

e O awoOnmpoag eivar cuvnBw cOpua unkove 1-2 mm Kot SIUUETPOV
uikpotepng amd 10 um, Beppavopevo mepinov otovg 150°C.

AMNO-MMA Mnxavikr) PeucTtwyv 24



0000
, y y o000
AvVENONETPO OEPUIKN G OVTIOTACEOS | 222
o
= —
®
§: Heated wire
=
Wire supports
1
PvOuog petafoing g avtictaong Tov GUPUATOS = 14R2
PuOuo anoielag Oeppdttag tov chHpUaTog = = y E
PvBuod porig patag tov pguoton ea - a,b: otabepéc avepopopeETpov

Ene1dn v = I4, axpipng uétpnon tov I odnyei oe moAhd peydin akpifeito ot p€Tpnon Tov v (KPEG ToOTNTES)

AMNO-MMA Mnxavikr) PeucTtwyv 25



AMNO-MMNA

Avepopetpo Laser-Doppler

Metpd v ToyLTNTA LEG® TNG
uetatomong Doppler tov @tdg mov
oKkeOALETAL OO GOUATIOW TG POTC.

Agev dlaTapdGGEL TN POT) KO TPOCPEPEL
TOAD LYNAN YOPIKT ovdAvoT GE Evay
TOAL LKpO OYKo LETPNOTG.

Amontel S1pavEG peVGTO Kot KATAAAN AL
copatiown yyvndém wov kivovvton poali pe
TO PEVOTO.

Mmropel va petpnioet pia, 600 1 TPELS
GUVIGTMOGEC TOYVLTNTOG YPNCULOTOUDVTOS
Oéa e laser O10POPETIKOD UNKOVC
KOUOTOC.

Mnxavikr) PeucTtwyv

Laser

Focusing lens Collecting lens

Pz ‘
e

Measuring
volume

Fringe pattern

Pinhole
‘ Photodetector

Output signal
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Gooseneck Digital Anemometer DT-318 cocs
(75 €) 1T

This CEM Digital anemometer features a 16" gooseneck detector allowing
you to take measurements at hard to reach areas.

16" gooseneck detector for easy to measure hard-to-reach areas.
High sensitive and accurate

Easy-to-use design

3 1/2 digits LCD display

Low power consumption

Data Hold and MAX Hold function

Low battery indication

Complete with gift box with carry case, battery
Dimensions/Wt.: 163X 45 X 34mm/210g

B uk
Y-

AMNO-MMA Mnxavikr) PeucTtwyv



Hot Wire Anemometer - Tecpel AVM714
(330 €)

Ideally suited for environmental testing, air conveyors, flow hoods, clean
rooms, air velocity, air balancing, fans/motors/blowers/furnace velocity
and refrigerated cases.

The combination of hot wire and standard thermistor, deliver rapid and
precise measurements even at low air velocity Value whilst the
microprocessor circuit assures maximum possible accuracy and
provides special functions and features.

Specifications:

Measurement : m/s (meter per second), km/h (kilometers per hour), ft/min
(feet/per minute), knots(nautical miles per hour), mile/h (miles per hour), Temp.
deg C and deg F.

Sampling Time : Approx. 0.8 sec.

Power off: Auto power off to save battery life or manual off by push button.
Operating Temperature: 0 to to 50 deg C (32 deg F to 122 deg F)
Operating Humidity: Less than 80% RH

Power Supply : 1.5V AAA (UM-4 ) battery x 6 (Alkaline or heavy duty type)
Weight: 355 g/0.78 Ibs

Dimension Main Instrument: 180 x 72 x 32 mm (7.1 x 2.8 x 1.3 inch)
Telescope Probe: Round 12 mm Diameter x 280 mm (min Length) x 940 mm
(Max length)

| HOT WIRE ANEMOMETER

AMNO-MMA Mnxavikr) PeucTtwyv
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DANTE DYNAMICS LDA (200000 €) b

Laser Doppler Anemometry (LDA), also known as Laser Doppler Velocimetry (LDV), is an optical
technique ideal for non-intrusive 1D, 2D, and 3D point measurement of velocity and turbulence
distribution in both free flows and internal flows.

Laser Doppler Velocimeters have several strong features:

Non-intrusive

Measure velocity components directly

Good spatial resolution (down to <1 mm)

Good temporal resolution (up to >1 kHz)

Wide velocity range (0 to hypersonic)

Measure the sign of the velocity in reversing flows.

Linear response to velocity

Calibration given by the laser wavelength and the intersection anglemeen the beams.

—

AMNO-MMA Mnxavikr) PeucTtwyv 29



MeTpnTég Tapoyns s

e H mapoyn evdc pevotov umopel va petpnet eite Euuesa LEC® NG
TTOONG TLEGNC TOL TPOKAAEITAL OO ol KOTAAANAN YEOUETPIKN OLdTAEN,
elTe QUEGO UEGM TNC KIVNGNC OVAV 1) NAEKTPOUAYVITIKOV QOIVOUEVOV.

e H emAoyn 10V KaTAAANAOL LETPNTN TOPOYNG ECOPTATAL OO TO £100G TOV
PELGTOV, TO EVPOC TAPOYNG, TNV AKPIPELD, TNV EXLTPENTI] ATMOAELN
QOPTiOL Ko TIG cuvONKeg Asttovpyiog.

® ALQAQOpOl LETPNTEC TAPOYNG:
Awopopikng mieong: Xtopiov, Venturi, Nozzle
Mn napepfatikoi: Hiektpopayvntikds, Y mepnymtikdg
Mnyovucoi: Turbine, Rotameter
Awav: Vortex flowmeter
Avotktg ponc: OpBoywvikdg kal Tprymvikdg vrepy Mot

AMNO-MMA Mnxavikr) PeucTtwyv 30



MeTpNnTES GTOULOD

«—D—ﬂ«l/zp —
L N e
ol e
D ¥ 1@
0 1]

)

OEéa
YELAT

\

Terpaymva  ZTpoyyuihi
YEN YELA

Xymua. MeTpntéS oTopiov (UPLoTEPd) KUl YEMUETPLO OOV (0£C1LA).

AOY® TapeuPoAng otévmonc — adENoN KIVNTIKNC EVEPYELNG Kol LEI®ON TNG
evépyelag pong (mieonc) — guedvion da@opdc mieong (Letpnoun)

AMNO-MMA Mnxavikr) PeucTtwyv
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MeTpNnTES GTOULOD oo

e Metpov TNV mopoyn UEGH TNG TTMOGCNG TIECTC TOL ONUIOVPYELTAL OO Uil AETTI) TAAKO LLE
KUKAKT] o7tY] TomofeTnUEVN LEGH GTOV ALY WYO.

e H chdyyiot dwatoun tng pong (A,) epepaviCetor Alyo Katdvtn tng onNg Kol ovopdletol vena
contracta.

Q = KA, V2¢Ah

e O ovvtedeotnc ocvotoAn Ce cvoyetiletl To eufaddv Tng vena contracta pe 1o ePadov g
omn¢ kot e€aptdTon amd TN YemueTpia Kol tov optduod Reynolds.

e O ovvtedeotg ponc K eCaptdrarl amd tov Adyo dwapétpaov d/D kot tov apiBud Reynolds
Kot AopPBaveTal oo TEWPAUATIKA d1ory pALUOTO. 1) TPOTLTTOL.

e Or petpntéc otouiov eivor amlol kol owKovopkoi, aAAd TPOKOAOVV GYETIKE HEYOAN

ATOAEL POPTIOV GE GYEOM UE LETPNTES TOTTOVL Venturi.
AMNO-MMA Mnxavikr) PeucTtwyv 32



MeTpNnTES GTOULOD

o Apxﬁ 8wmﬁpncmg ™mg svépysuxc_, otic O¢oeic 1 ko 2 (Vena Contracta)

20(ln 1)

L= G,

At B

¥ - 20 Y. 2
VIAI V2A2 B V2 - \/1
C. = (dyd)’ i

— C2AYA?

D

l

@

Il

21006 glvol va ekppaotel  Tapoyn svvaptnoel Tov h,, h, kot tov yeopetpikov

YOPOKTNPLOTIKOV TOL otopiov: A, = C.A,
C,C. A,
V1 — CIAYA;

CVCC = Cd

Ca

Q /28 (hy — hy)

K =

Y €61] OYKOUETPIKIGS TUPOYNS KoL
OLOPOPIKNG TTigoNng

— Q= KA,V2gAh

\/1 B Ci Aﬁ/ A% [Zvvrekscrng pong} 3

[Tapéxetar ¢ cuvapTn

AMNO-MMA Mnxavikn

on tov ap1Buov Reynolds

PeuoTtwyv 33
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EXAMPLE 13.3

Applying an Orifice Meter to Measure the
Flow Rate of Water

Problem Statement

A 15 cm orifice is located in a horizontal 24 cm water pipe, and
a water-mercury manometer is connected to either side of the
orifice. When the deflection on the manometer is 25 cm, what
is the discharge in the system, and what head loss is produced
by the orifice? Assume the water temperature is 20°C.

Define the Situation
Water flows through an orifice (d = 0.15 m) in a pipe
(D = 0.24 m). A mercury-water manometer is used to
measure pressure drop.
Properties:

« Water (20°C): Table A.5, v = 1 X 10~ m?/s.

» Mercury (20°C): Table A4, 5G = 13.6.

3. Find discharge Q using Eq. (13.7a).

4. Calculate the coefficient of contraction C, using Eq. (13.6).

5. Solve for the velocity V, at the vena contracta.

6. Calculate head loss using Eq. (13.8).

Take Action (Execute the Plan)
1. Change in piezometric head:

« Apply manometer equation from 1 to 2:
Pty + AD — yu Al =yl =ps
« Solve for Ah:
- YHg — Yw Y
Ao =At(ﬂ—1)

Yw Yw Yw
Ah = (0.25 m)(13.6 — 1) = 3.15 m of water

2. Flow coeflicient:
« Calculate (Rey/K):

Re;, dV2gAR  0.15m4/2(9.81 m/s)(3.15 m)

K v 1.0 X 10 °m?/s
— 12 X 10°
« From Fig. 13.15 with d/D = 0.625, K = 0.66
(interpolated).
AMNG-MIMA

State the Goal
+ Calculate discharge (in m%/s) in the pipe.

« Calculate head loss (in meters) produced by the orifice.

@ I @_a,_,’)_ S
) 7‘,:"? =

Generate Ideas and Make a Plan
1. Calculate A = h; — h, using the manometer equation.
2. Find the flow coeflicient K using Fig. 13.15.

3. Discharge:
Q = 0.66A,V/2gAh

= 0.66 fdi V/2(9.81 m/s?)(3.15 m)

= 0.66 (0.785)(0.15* m?)(7.86 m/s) = |[0.092 m*/s

4. Coefhicient of contraction C,:
C

b= dz T

= e

Let K = 0.66. The ratio (A,/A;)* = (0.625)" = 0.1526
and C; = C,C.. Assuming C, = 0.98 (see the discussion
of C, in §13.2.) and solving for C, gives C, = 0.633.

5. Velocity at the vena confracta:
V, = QI(C.A)
(0.092 m*/s)/[(0.633)(/4)(0.15*m%)] = 8.23 m/s
vy = QA
(0.092 m*/s)/[(w/4)(0.24°m?)| = 2.03 m/s

6. Head loss:
hy = (V, — V)))2g = (8.23 — 2.03)%/(2 X 9.81)
=

Mnyavikr} PeuoTwv
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MeTpntég venturi oo

Pressure-sensing holes

F—‘ @ / Throat section

Deflection | — Mercury
J@ Q = KAV2gAh

i 7
L B -

e Metpovv TNV TOPOYN LECH® TNG TTMGCNS TLECNC UETAED TG E1GOO0V Kl TOV

AOLOD €VOC GLYKAIVOVTOC—OTOKAIVOVTOC aly®YoV.

e H pon eivan e€oparvpévn, omodTte 01 amMAELEC POPTIOV EIval TOAD UIKPOTEPEC
GE€ GYECT LLE TOV UETPNTN OTOUIOV.

e O ovvieleotnc pong K mincidlet mn povdoa yio peydhovg aptOpong
Reynolds, tpocpépovtog vynAn axpipeto.

e Kovog mpocéyyiong 15°2- 200, kdvoc amopdkpovvong < 79
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000
EXAMPLE 13.6 Generate Ideas and Make a Plan 0000

Applying a Venturi Meter to Measure the Flow 1. Compute Ah = h, — h,. 0000
Rate of Water 2. Find the flow coefficient K from Fig. 13.15. : : o
Problem Statement 3. Find discharge Q using Eq. (13.7a). P

The pressure difference between the taps of a horizontal

. . . Take Action (Execute the Plan)
venturi meter carrying water is 35 kPa. If d = 20 cm and

D = 40 cm, what is the discharge of water at 10°C? 1. Change in piezometric head:
A A 35,000 N/m’
Ah= —p+Az=—p+0=7I3=3.57m0fwater
Define the Situation Y v 9810 N/m
« Water flows through a horizontal venturi meter. 2. Flow coefficient:
« Pipe diameter is D = 0.40 m. Venturi throat diameter is « Calculate (Rez/K):
d=02m.
Re;, dV2gAh  0.20/2(9.81)(3.57) ——
iog. Y. - —6 2 —= = == = 1. X
Properties: Water (10°C): Table A.5, v = 1.31 X 107° m?/s, K > 131(10°%)

and y = 9810 N/m’.
« From Fig. 13.15, find that K = 1.02.

State the Goal 3. Discharge:
Find the discharge (m?/s). Q = 1.02A,V2gAh

= 1.02(0.785)(0.20%) /2(9.81)(3.57) = |0.268 m’/s

ANG-MMA Mnyavikr} PeuoTwv 37



00
AKpPOQUGLA PONS . s
. = .
| /
= ‘
1D L!—IJO.SD—:J

L/Gagc liquid

e Metpolv TNV TOPOYN LEGH TNG TTMOGONC TEGNC 6€ £va KPOPVGLO TOV
tonoBeteiton pEca otov aywyo.

e Eivoau mo avBektikd o€ pocg e couatiola N OdPpwon 6e oy€on Ue 10
orifice, emeldn 1 yeoueTpiot TOL AALOIOVETOL ALYOTEPO OO TN POOPA.

e Ilapovsidlovv mapduola anwAeia poptiov pe To orifice, AL pE
LLEYOAVTEPT) UNYOVIKT CVTOYN.

e Xpnomn yio T UETPNGT PONG ATUOV
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Potapetpo

e Metpovv TV mapoyn amod T BEon evoc eAeDBepOL TAMTIPA LECA OE
EVOV KOVIKO COANVA, OOV 1 160ppoTio LETAED BApOVS Kt
omicOélKovoag kabopiletl T otdOun tTov.

e Eivoau amid, youniod KOGTOLS Kol E0YPNOTA, AL £YEL LIKPOTEPT
axpifelo amd peTpnTéG OT®S TO Venturi 1) TOL GTOWIOV.

:[J_l;—é ; ~ Outlet

| {— Scale

|

| | — Active clement
 (weight)

=

| — Conical glass tube

|II{E(‘I||

s

A i ; f,l—-]nlct
IRIGs

Zuvieheonijc Potaugtpou

1,0

0,9

0.8

0,7

0.6

0,5

0,4

0,3 Ll | |
10 20 40 60102 107 10% 10°

ApiBpde Reynolds otov doxtiio

Yymuo. Potduetpo kot ZuvieAeotnC pOTOUETPOV
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[logaoerypa 9.2

Potduetpo amoteie (tal and aywyo nrovg H=0.3 m o& njrog xal €0mTeoiny] oud-
uetpo d, =25 mm oty rwopugy| xon d_=20 mm otov mubuéva. H didpetpog tou

Thomjoa elival d = 20 mm 1) TUrRvOTNTA TOU @f:4’9 gr/cm® %ol 0 Gyrog Tov sz 6,6

cm®. Av o ouvreheomig Tov potapétpov eivar C,=0,72 va foeBel To thpog mov B

Boloxnetal o mhomjpas dtav 1 mapoyy elval F=100 cm¥/s.

Avo A,
| | c : o :
V=_C1A; 28 Vi(er—o) Limm L A _i
A,=... i il '
\ ( ) —‘ > 2 II\ A2/2 |
A, +A,=A 4= 1,635 mm | /\ /
2 f 1 |
d,-d; = amdotoon \} e |
r 0 e——— L £ ) ————l
nkcot,npa and BE
TOUYYOUATO, | ) i
I
h M k| / 300|mm
= 2 = h=.. f
H d,—-d ;
2 |
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YREPEUMOTES 43

e Metpov TNV mopoyn UEGH TNG TTMOGCNG TIECTC TOL ONUIOVPYELTAL OO Uil AETTI) TAAKO LLE
KUKAKT] o7tY] TomofeTnUEVN LEGH GTOV ALY WYO.

e H yemuetpia tov vepyetmot (opboywvikn 1| tprymvikt]) kabopilel nv akpifela kot 1o
€VPOC TOPOYMV TOV UTOPEL Vo LETPMOEL.

U Weir
3

|||
il
iz

(b) (b)

Yympuo. OpBoydvioc YepyetMotg Le TAEVPIKES GVGTOALS (APIoTEPA) KO
ounpEg akpES (AeCid)
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OpOoymvioc Yrepystmotnc 44
o
2
SR
Y 28 H
) Q= / V2gh Ldh
- 0
V = \2¢0h
& S VagH"
dQ = \/2gh Ldh 3
& € TPAYUATIKEG GLVONKEC pONg

||||<

! V=2
H L—LH
L 1

dh

AMNO-MMNA

VITAPYOVV TO POLVOUEVA 1EDAOVS

)
|

Cq

\/27gLH3/2

=W | N
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3/2
\/27; LH XVUVTEAEGTNC EKPOTNG

AopO®TIKOG GLVTEAEGTNG
OV TPOKVTITEL OO
TEPOUATIKEG LEAETEC
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EXAMPLE 13.7

Applying a Rectangular Weir to Measure the Flow Rate
of Water

Problem Statement

The head on a rectangular weir that is 60 cm high in a rectangular
channel that is 1.3 m wide is measured to be 21 cm. What is the
discharge of water over the weir?

Generate Ideas and Make a Plan
1. Calculate the flow coeflicient K using Eq. (13.17).

2. Calculate flow rate using the rectangular weir
equation (13.16).

Define the Situation
» Water flows over a rectangular weir.

o The weir has a height of P = 0.6 m and a width of
L=13m.

« Head on the weiris H = 0.21 m.

State the Goal
Find the discharge (m?/s).

AMNO-MMNA

Take Action (Execute the Plan)

1. Flow coefficient:
H (21)
K=040 4+ 0.05— =040 + 0.05{ — ) = 0.417
P 60

2. Discharge:
Q = Kv/2gLH*? = 0.417+/2(9.81)(1.3)(0.21%%)

=023 mw'ss|

Mnyavikr} PeuoTwv
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Tpryovikog Yrepyethotig $+

8 9 5/2
dQ=VdA=VLdh = Q= V2gtan| Z |H

l Xp1MoN TOV GUVTEAEGTI] EKPOTG
8 0
Q= EC" V2g tan(z) H>"?

['a Tpryovikovg vepyetoteg pe yovia 0 = 60° kot H > 2 cm neipapatikeg LeAETEC £xoVV OElEEL
OTL 0 cLVTEAESTNC ekpoNg etval icog pe 0.58 ko 1 Tapoyn 16ovTaL UE:

Q = 0.179v2g H*?
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POINT TO MEASURE it
REFTH {H) o
ELEVATION OF 4 =
WEIR CREST WATER Eumci SHARP—CRESTED WEIR
e NAPPE

\\x‘:ﬁ %.__
T, ) N

gl N - o=
NN NN N o,
CHANMEL. BOTTOM

S
I}
./

— —r—a
- —

W' . ——— —

’:{"?' ' *' f .-*.-* SR gﬁﬂ

POST SET AT DEPTH
OF WER CREST

FIGURE 1.—PROFILE OF A SHARP-CRESTED WER

e o

SIDES SLOPE 1 HORIZONTAL
TG 4 VERTICAL

RECTANGULAR WER o0 | ETT1 WEIR

90° NOTCH WEIR
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Y nepyetmotc epdyunatog Jordao, B p§1M(x
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MeTpnTtéc oToptov o€ 0eSanevi 43

A (1) |

Patm BewpnTiKn

— T
h u? U P u
N P tny—=—+nt+t~=>z+h=z+—>u=.,29h
A\ ,.. Az y 2

______ g y—2
: ch = AO\/ Zgh Qreqi = C6A0\/2yh

01)\/18%864@ otouiov

Y moAoy1onog Tov YpOdvou EKPoNS amd DYogs A ——> ogLYoCy

Q@ = CsAg+/2gh d A
L o CeAg2gh = —,qd—f = —h~Y2dy = C; I“ngdr =
Q== _ L Ay t
, —f h-fzdym:ﬁ—ﬁfz&:fdr:-r_ Wh—.fy)

T vinta h A 0 Eﬁﬂm.l

KOTATTMOONG

™G oTabyng Xpovog ekkévoong vy y = 0 t,, = A |2k

CeAo | 9
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2VYKOWVOVOUVTA 00)ELN GE OECONEVESG | 222

¢ moco ypovo to H Oa yiver H,, H,, 0 xAx.

A;
Aipdy; + Aydy, = 0= dy; = —A—ldYZ
— ’ _ _ A
H=y —y, >dH =dy, —dy, ——A—ldYZ—dY2
y1 AZ dH
=>dH=—<1+A—>dy2=>dy2=— Y
= l ! @+ )
—= y2

dH - —
th = Azdyz = A2 — AZ
A1 Az (1 + /Al)
ColoJ2gVHdt = ————A; = tdt = — A2 J 2 H '2dH
1+22 0 CoAoy/29(1 +5) Jm
1
24,
=>t= (VH1 —+/Hz)
CoAoy/2g (1+ A—j)
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IHagaderyna 9.4

Avo deEapeveg A nau B, teToarymviniig otatopng oxpmv o, =3,66 m xat a,=1.22 m
avtiotolya, folorovral g emagl. ZTNV ®OWVI] TAEVOA TOVEC VITAOYEL 0] EUPado
A,=0,023 m? %ol oVVTE LEOTOU C . =0,9. H otabun tov vepou oty A elval og Upog
h ;=3 m ravw oy B og vpog i;=1 m ano mv omj. Na foeBel o yodvog mov aat-

TE(TOL £T0L (OTE Ol EMUPAVELES TOV VEQOU OTIE V0 deEaneveg va PpeBouv oto 1dLo
emlimedo.
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Avan)

Ye wdbe yoovixr otym 1 ooy uéom g omijc Ba ogelieTal oty dlagood
otaBung tov vepot tov do deEauevav . "Etol Ba woyded:

V=CyA,V2gh = 0,8%x0,023 V2gh = 0,0815 Vh
€ ¥0Ovo di 0 Gy®roC VEQOU TTOU OLEQYETUL CITO TV O elval,

dV = Vdt = 0.0815 Vh dt

Ztov 0o ydévo 1 netaBokn dragopds orabung eival dhy, xalr Bo meémel o

eLoEQYOUEVOS Oyrog oty OeEauevii B va elval (oog ne tov eEgpyduevo oyxo amd

o - - - - Cm - - - #

) deEapeviy A. Emopévog av 1) otdBun ot deEapevii A newnbel »atd dy og ané-

Aoty g, oty B Ba avéfer vatd dy” mou vokoyiCetal amd vy 1ooThTe Tmy 0o
OYHOV 1G:

cxld} —ce,d} = dy’ ——d} =dy =

[756(}
ay

= O9dy

(S

Oewpwvrag BeTiny) Qood TEOS T vATW B LoyvEeL:

~dh = dy—dy = dy - (-9dy) = dy = -1 h4 dy[

10

O otoryeundng Gyx»og Tou OLEPYETUL GO TV O £Vl

V= @ dy = 3,662 |-21
10

EElomon tov o oyfoemv mov divouv ToUS OToL EWOELS GYHOUC TUOEYEL

= —1,339dh

0,0815Vh dr = -1339dh = dr = -16,43h 12 qh =

"t 0 1/2
[D dt = —[2 16430~ V2dh =t = 4647 s
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MeTpntég 1IE®O0VG (viscometers) socs
r r r r | X J
- 1E®OoNETPU poNg HECH AYMOYOV °
h
{n’
é — E&icmwon Hagen-Poisenille
4 4
Ap:128,uf,Q:>,u: Apd = = mpghd™ t
md 1280L 128L V
_ V (volume)

© 4
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MeTpnTéS 1IEMO0VGS (viscometers) °oo

- 1GowooueTpa Ostwald °

M ™y ¢
AN | 4 4
( ) H_:rrgghd _mopghd™ it 1 J'[thﬁ
LV 1280 V |—>|V=—=— Xt =kt
M, 1282 L o 128LV
!
ANhadi] To rvnuotxns 1Eadeg elval avaloyo touv ypovou exporc. Emeid n
otabeod k  elval dvoroho va vohoylobel, Polorovue To YOOVO EXQONC 1E Eva
LYEO YVmoTol KivnpuaTrol 150d0ug v, Katdmy petooviag 1o 300vo expong Tou
f‘ \. GyYVOOTOU VYOV KUl Y ONOLLOTOLOVTAS T oyEor] (Y.36) vmoloyCovue To dyvmoTto
AVIULOTLRO LEMOEC.
vt o
—=_ (9.36)
Vo o 1o

—
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MeTpnTég 1IEMOoVG (viscometers)
- 1EmoopeTpa Puvdilopnevnc cQaipog

Gilmont ® Falling Ball Viscometer (.2 to 10 centipoise

EW-08701-00, $192.00 / each (USD)

Ideal for routine plant quality control checks and research laboratory
applications

This viscometer is extremely easy to use;

First fill tube with sample, then invert tube, allowing the ball to enter the PTFE screw.
Next, restore tube to normal position. Finally, turn the knob to release the ball, and
measure the time of descent. Reading the viscometer is easy—the ball moves against
white background with red reference lines.

Repeatability with good technique varies from £0.2 to +1.0%, depending upon time of
descent.

Viscometers require a 7 mL sample volume. Each viscometer is supplied with one glass
and one 316 stainless steel high-precision ball. For higher viscosity ranges, use the
optional tantalum ball (order separately below table).

Viscometers are made of precision-bore glass tubing with stabilizing beads.
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MeTpnTéS 1IEMO0VG (viscometers) eoes
- TEPLOTPEPOUEVO 1EOIOUETPO 13

|

L 3

o

-
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Pevotounyaviki

MeToQOpPa PEVGTOV — AVTALES




Mnyoveg peELOTOV s

o Mnyavég OeTikng ekTommicemg (positive displacement machines):
AE1TOLPYOLV EEAVAYKALOVTAC TO PEVGTO VO EIGEPYETOL T VOL EEEPYETAL
and Evav 0dAapo (.. TPOUTO TOONAATOV, 000VIMTH AVTA, avOpdOTIVY
KOPOLQ).

o vopopkég
IeproTpo@rkéc

o Xrpofrropunyovég (Turbomachines): neptiaupdvovv t pon tov
PELGTOV UEGH OTTO TEPIGTPEPOUEVA TTEPLYL 1) POTOPES TOV APALPOVV T
TPpocOETOVY EVEPYELD GTO PEVGTO (TT.). TPOTEAEC, OVEUGTIPES, AVTAIEC
VEPOV, OVELOUVAOL KOl GUUTIEGTEG,

ACOVIKIG, MIKTNGS 1| OKTIVIKNG PONS

IIpocdioovv (oTpofrior) 1 a@aipovyv evépyeLa (AVTALES)
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IeproTPoPIKES avTALES 4+

e [l pevotd UE OOPOPETIKA,
1EMOT, 1000 AENTOPPELGTA OGO
KOl Ty OPPELCTOL

e Ilapéyovv oyeTikd opaAn Kot
GLVEYOLEVT] TOPOYN

e H amoooon eaptdton amd 10
€100G NG avTAiog Ko g
ocvvOnkeg Aettovpyeiog.

Yympuo. OdoovtomT aviiio
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TLoAVOPOUIKES AVTALES 43

e
o [ pevotd pe vYNAd 1IEDOEC.
CONNECTING ; , ,
OUTLET CHARER il HINE e KardhAnheg yia yapnii mapoxn
Ik \' - Kot VYNAN mieon.
WE [ \ / N YN migon
'H —— 0 ol Loee - N @ X0OvOeTn KOTOOKELT] Kot
\mﬂ \ L /’ TEPLOCOTEPEG UNYOVIKEC
\ PISTONROD =+~ KOTOTTOVHGEL
PISTON noelc.
e AvtoAimavon.

Yympuo. IToAwvopoutkn aviiia pe Euporo,
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2XrpoPriounyaveg ces

Katnyopieg Ztpofilounxavav

‘ Anoppo@nong loxuog Mapaywyng loxdog |
. Afovikég e ALOVIKEG aVTAIEG o AovikOG oTtpofihog
| HNXavég ' e Aovikoi aveplotipeg (Kaplan)
| " o 'EAtkec (TipoTtéAed) e Avepoyevvitpla
. ALOVIKOl CUMTILEDTEG e Aeplootpofihog
i' AKTIVIKEG | e Quyokevtpik aviiia e YTpoPilog kpouong
| HNXaveg o QuyokevtpIKOG avepoTtpag (Pelton)
- ® QUYOKEVTPIKOG CUUTIESTI|G * Ztpofurog avtidpaong

(Francis)
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AVTMEG s

e AvTtAigg agovikic poijc:

KatdAAnieg yio younAd povoueTpikod VYog Kot VYNAES TapoyES.
[Tapopota Aettovpyeia pe pia tpoméra.

XPNGIUOTOL0VVTOL GE GUGTNUOTA ATOGTPAYYIONG YOUUNADY TEPLOYDV KOl GE
vdpootpofirlovg ppayudtov younAov Hyovg (<30 m).

e AvtAieg aKTIVIKIG PONS (PUYOKEVTPIKES): ALovikng, MIKTAG 1| AKTIVIKNG
porg

AMNO-MMNA

KatdAAnieg yio peyaAhtePO LOVOUETPIKO VYOS GLYKPLTIKA LE TIG avTAieg aEOVIKNG
porg.

H Aerrovpyio toug Baciletor Kupimg 0T QUYOKEVIPIKN EXLTAYLVOT TOL PELGTOV OO
TNV TTEPMTY] KOL GTN LETATPOTN] TNG KIVITIKNG EVEPYELNG GE TEGT GTO KEALPOC.

XPNOOTOLOVVTOL EVPEMS GE dikTLA VOPELOTC, PLOUNYOVIKES O1EPYAGIEG,
KUKAOPOPIO YUKTIKOV Kl OEpLUIKOV pELGTOV, KOODS KOl GE AVTALIOGTACIO LETOPOPAIC
o€ LeyoATEPQ LY.
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AVTMEG

e Emloyn katdAining avtilog pe facn v addetotn Tipn ™S

EOLKN G TOYVTNTOG I

. _ rpmNgpm
FIGURE 14.13 Ng=
DH34
Optimum efficiency and impeller design 500 1000 2000 3000 5000 10,000 15,000
versus specific speed. 100 — T T T \ \
5 2 S
% Maximum efficiency
envelope
90 —
§ s
)
o
7 80 . . .
g e Radial-flow pumps Mixed Axial
'S flow flow
2 751
o
70 -
65 |4
60 ] L ! 1 ! L1 L ! L
0.03 0.04 0.05 0.07 0.10 0.15 0.20 0.25 0.30 0.40 0.50 0.60 0.80
nyo :
ny=————, specific speed
g3/4DH3/4
(a) Optimum efficiency and impeller designs versus specific speed, 7
Vane
Shroud Shroud
Propeller
Hub )
Axis of
rotation
(b) Radial-flow impellers. (c) Mixed-flow impellers. (d) Axial flow.
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DVYOKEVTPIKES OVTALES $+

e [0 peydAn mowiAio pELOTOV Kol
ALOPNUATOV GTEPEDMV GE VYPA

Eye of

impeller L , , , ,
\l——/ o D1epmTEC QO OLAUPOPO VAIKA LIE
i ___C_ - /4 7
e @ avOEKTIKOTNTA GTN OPBpmon

L e MeTAO0ON KIVITIKNG EVEPYELNG
oo TN PTEPMTI] GTO PEVGTO

View A-A
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DUYOKEVTPIKES UVTALES ces

o Illeovektuota
e Eivan amAéc oy xatackeo).
o Agv ypnoipomnolovv PoaAfidec.
e A&1tovpyolv 6€ VYNAEG TOYVTNTEC KO £TCL GLVOEOVTOL ALEGH LE NAEKTPIKO KIVI|TIPA.
o Xepilovrou peydin motkiMa vypov.
e 'Exovuv tukpd k066T0C GLuVINpNoNG.

o Agv KOTOGTPEPOVTOL OV Y10 LKPO YPOVO TAPEUTOOICTEL 1) pOT} 6TO OKELOG KATAOAYNG.

e MgswovekTipota
o Agv mapéyovv o€ éva, oTdd10 TOAD LYNAEC TEGELC.
e Agv gtvar cuvnBm¢ oV TOTPOPOIOTOVUEVEG.
e Ag1tovpyovv e vynAn anddocn LOVO GE TEPLOPICUEVO EDPOC CLVONKAOV AELTOLPYIOC.

e Agv umopovv va ypnoipomomBovv yio peuostd peydAlov 1EDO0LG.
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DUYOKEVTPIKES OVTMEGS

18

16

14

12

10

Total head in meters

AMNO-MMNA

Yympo. Kopmdieg Aettovpyiog UYOKEVTIPIKTC

Total head in feet

60

50

40

20

10

Capacity in liters per second

avTAlOG LE OLLPOPETIKES PTEPMTEC, N=1750rpm

Capacity in U.S. gallons per minute

Mnxavikr) PeucTtwyv

4 6 8 10 12
I I I I I I
o 40% 0% ssv, 60% 65% (o, o
£ 68%
e 69% AP
: 69.5%
e | 69%
x \ N\ =<l 68% \
" N 679/0 “\
6 N Y N\ 65% \\
N N
Sl i \\\ N N, 60% | N .
r - - -
: 0 S 8 . SN ahp
5 < X % s (2.24 kW)
N - S
~ A 2 hp (1.50 kW 20
3/4 hp O et D
11/2hp / (1.12kW)
(0.56 kW) < 0
| 40%
. bp e (0.75 kW 10
NPSH required
0
50 100 150 200 250

NPSH, feet

10

NPSH, meters
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MeTa@opa pEVOTOV - AVTALES 4+

H petagopd pevotdv amd £va onueio oe Eval AAALO VYNAOTEPNS 6TAOUNG
N mieong yivetal pe tn ypnon avriios. H aviiia eivon o unyovn mov
OLVEL EVEPYELN GTO PELOTO MGTE VO UTOPEL va, KivnOel péca amod Eva,
cuoTnuo coAnvocemyv. H evépyela mov ypetdleton pio avtAio eCoptdton

omo:;
[ ]

AMNO-MMNA

To vyog 610 omoio mpémetl va avoymBel T0 peLGTO.
To unkog Kot v KaTdoTaon TOV GOANVOV (TPPEC KOt OTMAELEC).
Tnv mocotTO pELGTOV TOL BELOLLE VO pETAPEPOLLE (TTaPOYT)).
Tnv mieomn mov mpémel va £x€L TO0 PELGTO GTNV £E000.

To 1Emdeg ToV peLOTOY.

To Babud anddoong g avtAiog.

Mnxavikr) PeucTtwyv



XOoPOKTNPLOTIKA NEYEON avVTALOG

e Mavopetpwo dyog avtiiag, h, ha

— hs i hL [ ]
o Vi AV?
h, = P~ P + 22/4 + 7224
e Mavopetpo dyog Epyov a&ova, h, 4 =

2o 0m¢ apeinTésg ot

, P2~ D1
, , , O 1 ’a 2
e 'Yyoc anoieiwv avtAiog, hy O10QOPES 6 VYOG K Qores: Y
TOYOTNTO
e Ioyl¢ mov mpoceEpel n avtiia 6to pevotd, P P, = yOh,
power gained by the fluid Py

e XVVOAIKOC Babudg amdooong TG aviMac, # n =

Shutoff head
Head

Efficiency

Brake horsepower

[ ]
S
>

&3
hS]
|

A |

Brake horsepower, bhp

Efficiency, n

e i

Head, h,

| Normal or
| design flowrate

0 Flowrate, O

AMNO-MMA Mnxavikr) PeucTtwyv

shaft power driving the pump B Wshaft

B Figure 12.11 Typical performance
characteristics for a centrifugal pump of a given
size operating at a constant impeller speed.
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XOoPOKTNPLOTIKA NEYEON avVTALOG

‘Eva axdpo onuovtiko yopoaktnplotiko pac avtiiog eivor to NSPH (Net Positiv
Suction Head) — KaBapd 6100£6110 povopeTpikd Dyog avappdenomg.
Mukpég Tinég tov NSPH odnyodv 6e ommAaimot, Tov LELOVEL TNV ATOO0CT] Kol

@Osipel v avtiio

NSPH, e€aptdton amd n 01dTaén Kot Tig GLVONKES TOL GLGTNLATOS AVTANGCN G, EVO TO
NSPH;, etvon yapaxtnpiotikd g avtAiog (KOUTOAES KOTOGKEVAGTT).

(€%

['a aceain Aettovpyeia Kal amo@uyn onmnilaioong NPSH, = NPSHg

Nisil, ==
Y

Pv
- "' - -
1 :E: 17, y

/ (2)
D) Reference
plane

AMNO-MMNA

Head, ft

500

400

300

200

100

Do
8in.dia P ¥ © @
w
N} N
~ o)
7 ~ 1 o &
S Q
B ol D 6%{0
~ N ~
6 . | R .
~
\\\ < S 6? %,
1'5 \\ I
LS —5S
- \'-2
b 015
NESHR =T 10
________ .
0
0 40 80 120 160 200 240 280 320

Capacity, gal/min

Mnxavikr) PeucTtwyv

B Figure 12.12 Performance curves for
a two-stage centrifugal pump operating at
3500 rpm. Data given for three different
impeller diameters.

NPSHg, ft
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Xaniaioon +

Pon pevoetov — peimon mieong ueypt TV TAo™ aTU®V TOL — BPacuoc —
EUPAVIOT] PVGCOAIO®V —UETOPOPA PLGCAAIOMV LE TO PEVOTO GE TEPLOYES
LEYOAVTEPTC TtiEoN S — GOVOALYT PuGGaAIdWV — BOpLPOC 1)/Kot Kpadac ol -
YITHAAIQXH

Av (01 (PLOGOAMOEG) KOVTA GTA TOLYMLOTO — ONUOVPYIo LEYAA®VY, TOTIK®OV
mécewv Ue amotédecua — AIABPQXH

AvydTEpo Uy va eppaviCetal 6To oKELOC TNG K(xwehwng (koy(n aLENUEVNS
MEGNG) KoL GUYVOTEPD GTO GKEAOG TNG AVAPPOPNGTG, OTTOV (1010HTEPQL OV 1)
avTAio epyaceton owrkoavwg pEVOTO Ao X(xpmkorspn otdun n migon
UTOpEl Vo TEGEL KAT® amd TNV TIUN TNG TIECTC ATULDV TOV PELGTOV GTN
ocvykekpluévn Bepurokpacia.

Arorewo palog m.y. €og 100 mg / 2 hrs Asttovpyiac (avaAdymS TO DAIKO, TT.Y.
Holokog ydAvpog)
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Xaniaioon

AMNO-MMNA

Generator
_iLT:i

| Turbine L/
Rotor 4 ‘ﬁE-gnaraturEhaﬂ

- [Turbine Blades

Yympo. Kotoaotpoen tovpumivag Francis e€attiog ommiaioong.

Mnyavikr} PeuoTwv
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http://upload.wikimedia.org/wikipedia/en/4/44/Francis_Runner_grandcoulee.jpg
http://en.wikipedia.org/wiki/Image:Water_turbine.jpg
http://en.wikipedia.org/wiki/Image:Turbine_Francis_Worn.JPG

EXAMPLE 14.7

Calculating Net Positive Suction Head

Problem Statement

In Fig. 14.14, the pump delivers 2 cfs flow of 80°F water, and
the intake pipe diameter is 8 in. The pump intake is located
6 ft above the water surface level in the reservoir. The pump
operates at 1750 rpm. What are the net positive suction head

and the traditional suction specific speed for these conditions?

Define the Situation

A pump delivers 2 cfs flow of 80°F water.
Assumptions:

1. Entrance loss coefficient = 0.10.
2. Bend loss coefficient = 0.20.

Properties: Water at 80°F: Table A.5, vy = 62.2 Ibf/ft3,
and py,, = 0.506 psi.

State the Goal
» Calculate the positive suction head (NPSH).

« Calculate the traditional suction specific speed (Nj).

Generate Ideas and Make a Plan
The net positive suction head is the difference between
pressure at pump inlet and the vapor pressure.
1. Determine the atmospheric pressure in head of water
for reservoir surface.
2. Determine velocity in 8 in. pipe.

3. Apply the energy equation between the reservoir and
pump entrance.

4. Calculate NPSH.
5. Calculate N with N, = (NQ'?)/(NPSH)**.

2. Velocity in pipe:

Q 2 cfs
V,=—=——" ____—573
TAT @wx ((4in)12)? fus

3. Energy equation between points 1 and 2:

« Head loss:

V2
72

Y h = (0.1 +02)

+ Head at pump entrance:

P _ &—zz——(1+03)
Y V 2g
5.732
=34-6—13X——— =273t
2 5% 0.2

4. Vapor pressure in feet of head:
0.506 X 144/62.2 = 1.17 ft.
Net positive suction head:
NPSH = 27.3 — 1.17 = 26.1 ft
5. Traditional suction specific speed:
Q = 2cfs = 898 gpm
N, = (1750)(898)"%/(26.1)>* =

Take Action (Execute the Plan)

1. Pressure head at reservoir:

p1_ 147 bflin® X 144 (in/ft?)
v 62.2 Ibflft

= 34ft

AMNO-MMNA

Review the Solution and the Process

1. Discussion. For a typical single-stage centrifugal pump
with an intake diameter of 8 in. and pumping 2 cfs, the
critical NPSH is normally about 10 ft; therefore, the
pump of this example is operating well within the safe
range with respect to cavitation susceptibility.

2. Discussion. This value of N, is much below the critical
limit of 8500; therefore, it is in a safe operating range so
far as cavitation is concerned.

Mnyavikr} PeuoTwv
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2V0TNUO AVTANGNS VYPOV

E&icwon evépyetag petacd (1) ko (2): =2 —u+ 2h

2/, 01 GUVOMKEG OTMAELES TTOV GYETILOVTOL LE TIG ATOAELEG TPPES OTIG
COANVOGELS, KOL TIG OEVTEPEVOVTEC ATMAELEG (CVUVOEGHOL, PaAPides K.4.)

2 évo oLOTNUA, OTIMG GTO APLOTEPO oYU /i > O

E&icmon cvuetiuotog viinong: i = 2 — z + KQ* (e&icmon cuotnuatog)

To onueio Aettovpyeiog eivor 1) Toun TS KAUTOANG GUOTAUATOS KOL TNG |2 [ ho=2-2 + KQ?

KOUTOANG TNG avTAaC.

MetaoAEC OTIC AVTIGTAGELS TOV GLUGTIUOTOC LETAKIVOUV TNV KOUTUAN

GUGTNUATOS Ko AAAALOVY TO oMUEi0 AgtTovpyeing, cuVIOME LEWOVOVTOS TN

TOPOYN KO TNV 0ITOO0O0T).
(2

= Change in
system equation\;

v hg

Actual pump
head

-
-

Pump

Elevation (static) head
=i—0

!

System
curve

Operating
point

Efficiency

curve

Flowrate, O

AMNO-MMA Mnxavikr) PeucTtwyv

Efficiency

B Figure 12.15 Utilization of the systen
curve and the pump performance curve to
obtain the operating point for the system.
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2V0TNUO AVTANGNS VYPOV

O1 avthieg o€ €vo ovotnuo dvtinong pmopovv va torobetnBovv eite og cepd | @

glte mapdAinia.

Ot avtMieg 6e oelpd AVEAVOLY TO GLVOAMKO LOVOUETPIKO DYOC TPOoGHETOVTOG

T0, VYN KABE avTAiog otny 10w Tapoyn.

Ot avtMeg oe TapdAAnAn 6OVOEST AVEAVOLY T GLUVOAIKT TTAPOYT

TPpocOETOVTAC TIC TOPOYES KAOE avTALOG GTO 1010 LOVOUETPIKO VYOG,
Kot 611¢ 000 TEPINTOGELC, 1 TPAYUATIKN AOENGN GE DYOC 1) TAPOYN
ePLOPILETAL OO TNV KAUTVUAN TOV GUGTNUATOC, OTOTE OVTE TO VYOS OVTE 1

mopoyn ourhacidlovrot akplPmc.

A

FIGURE 14.18 System

curve
Pump performance curves for
pumps connected in series (a)

and in parallel (b). T
WO pumps

59

Pump head

Pump head

One pump

RSN

Volume flow rate
()
AMNO-MMA Mnxavikr) PeucTtwyv

One pump

o

System curve

5

Two pumps

Volume flow rate
(b)
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Nepd uetapéoetal Petact S0 deCuuevan o £youy dagood ardabpns 15 m. O
Py ol BETOEPOOGRED £youy jxos ouvolxe L=T0 m ®on didpneroo d=300 mm. O
ouvreheonic tolfis eivon f=0,025 xon 0 CUVEEAECTIC DEUTEQEVOUTIN CITONLE Y
ZK=25. H eEiowon mov meoryodgel my Hopaihn wg avihiog sivon Al =229+
10,7V = 1111 va foetel ) mowoyn ¢ avehic 1oL 1o WOVORETOUAO TPOC TTOw T E-
YEL ECV 00) AEITOUOYED povn TN, B) ouvBE st mopdhinho ue Gpoud g Aldovrol
o=1000 kg/m®.

PE—PI_“:-;_:_ |L atly EK'FE
a2 2 :-rzg d d* |

Hf__r,' = 'IZ.E'-}[_—EQ} +

a) Axd v €Elomon (10.20) ®on Bempoiveoeg dr onig dio deSaueves 1 mieon elvon

COTLLOCRPOLDIHT] £ OULLE:

Ahs=15 + [{u}zsﬂ+ 25

2 2
Vo= Ay = 15 + 851
3. H?wﬂ 81 03° 034

Zro anueio Aerroupyias B moEmEL T MPoC TN AYTALGS Vil E0VOL LT0 e TO TIi0g

Tou ouotijpuaros.  Evol Bo eyouns:

15+ 851772220+ 107V =111 = V=023 m%s

ZUVETOHC TO TUVOALKO LOVOLLETOLHG MPOC OTO GIULEID AEITOVDY IS e0viLL:

AME-MMA Al =15 + 85 % 0232 =195 m
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Neod nerapéoetal PETosn o deonevoy mov £youy dogood aralpng 15 m. On
iy ol LETCEEOOGE £youy jxog cuvolxd L=70 m wou dudueroo d=300 mm. O
cvvrereonic tolfic eivon f=0,025 won o MVTELECTIC DEUTEQEVOUTNN CUTIOAE LDV
ZK=25. H eEiowon mov meprypdgel Ty ®apaihn e avidieg etvar Ah =229+
10,7V = 1111 v Posbel 1) moooy] TC QVTALOE HOL TO WOVOETOLHO TPOC IO o E-
YEL 800y ) Asttovoy el povny ™, P ouvBgeton mopdhinio ue Growt . Albovro
o=1000 kg/m".

2 2 |
E‘Pl_“x‘“u_l_ ral f-'r—-|1+-f—-:|-r,+EK FE

P
Mf_g: 'I:E-;n{_—zg} +
a2 % agl d*

By Av n moooyn) tov S50 moookdijhoy avoioy eivor ) toee 1) wdaBe pio Bo £yl
ooyt FI2, )t g omoiog o moETEL VoL 1avomolED TV £ I0ma AELTOUD-

viog g avehios. Anhaig:
V L8 s < 2
Ahp=220+ H},T?— 111 |E| = Ap=220+ 535127751
ZUEOOVOL LE TOC Too o EYo Ba eyoupE:

15+ 851" =220+5351=2775V "= "= 029 mYs

To pavoperord Mpog o8 auTl] T1) TEQITTI) E0vVL:
Ah =15+ 85 =020 =222 m
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Avtinon oeplev s

MikpOTEPT TUKVOTNTO LETAPEPOUEVOV PEVGTOD (AEPLO)
Meyaivtepn mBavotnta dtopuyng (Ot didkeva)
Metatponn evépyelog oe Oepuotnta, YpNon GLOTNUATOV YOENG

e AvTthisg agpiov
> TTaAtvopoukov THmov (101G UE TIC AVTIGTOLYES TV LYPHDV)
> Avepiompeg (aovikol, aKTivmTtol)
> Ilep1oTpOoPIKol GLUTIEGTES
> AvTAieg KeEVOD (‘Yo TN ONULovpYio Ko T O1TjpnoT VTOTIEGTC)

AMNO-MMA Mnxavikr) PeucTtwyv 78



XTpofrion s

e O1oTpdPrhotl LETATPETOVY TNV EVEPYELN TOV GLVOEETAL LLE TNV Kiviion
EVOC PEVGTOV GE £PYO0 GTOV AEoVva.

e O1v0pocTPOPIAot KATNYOPLOTOLOVVTOL (O EENG:
O otpOPrrog kpovomng amotereiton amd Evay midako VYPOL TOV TPOCTINTEL GTA
TTEPVYLO EVOG TPOYOD 1) dpouEn aTpofirov.
O otpofrhog avtidopaong amoTeAEiToL OO UL GEPA TEPIGTPEPOUEVAOV TTEPVYIMV
nov Bpiokovtor péca oto pEov pevotd. H micon mhve ota mtephyta dnuovpyel
TN POTN OV TAPEYEL TNV 1GYV.
e O1 aVELOYEVVITPIES KOTNYOPLOTOLOVVTOL MG EENG:
O dpoUENS LG OVELOYEVVINTPLOG UTOPEL VO TEPLGTPEPETAL YUP® OO OPLOVTIO
dEoval (EUTOPIKES AVELLOYEVVITPLEG).
O OpopEnG L0 OVELOYEVVITPLOG UITOPEL VO TEPIGTPEPETAL YOP® OO
KaTaKkOopueo acova (avepoyevvitpila Darrieus Kot aveLoyevvTpLa Savonius).
AMNO-MMA Mnxavikr) PeucTtwyv 79



2Tpopfrion

Turbine runner \@

o

Generator
shaft

e

. X [mpym]
E=E================ —-—-_-_’!; u]
Waterjet [/ Vanes (buckets) //i%\\

View A-A4
A

AMNO-MMA Mnxavikr) PeucTtwyv

FIGURE 14.19

Impulse turbine.

FIGURE 14.24

Horizontal-axis wind turbine showing
capture area.

Capture area
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Pevotounyavikn

Mn Nevtovewo pevotd




Ewcoyoyn

To 1Emdeg lvar éva LETPO avTioTOGNG TOL PELGTOV GTT KivNoTn TOL 1)
OTT TOPAUOPPMOGCT] VIO TNV EMIOPOGT OLOTUNTIKNG TACTC.

[Teprypdpel OGO £VIOVA TO PEVGTO AVTIGTEKETAL GTI GYETIKN Kivnon
LETOED YELTOVIKAOV GTPOUATOV.

H dwatuntikn téon eivon evbémg avdroyn tov pvOpov otdTunocnc.

['a Nevtdvela pevotd 1) Sl TUnTIKn Taom Kot o pveuog JtdTUMoNg
LITOpOoVV va 6LGYETIGH0VV PEcm NG oyéong 7 = " gy
avoroyiac cupPoAiletar pe To EAANVIKO YPAUUO L Kol ovoudleTot
SVVOLIKO 1EMOEC.

,0mov N atadepd

PvOpog ovdTtunong x

: U du

] l

( Fixed plate

AMNO-MMA Mnxavikr) PeucTtwyv
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Ewcaymyn +

e Newtonian pgvotd: Pevotd yio ta omoio 1 dStaTunTikn téon ivor Ypapuikd avaioyn
TOL PLOUOV LA TUNONG.

e Mn-Newtonian pgvotd: Pevotd yio o omoio 1 OtotUn Tkt tédon 0V ival YpoULUKA
avaAoyn Tov pLOUOV ddTUNGTC.

e H \ion ¢ xoumdANGg daTUNTIKNG TACNC G TPOS TOV PO drdtunone ovoudieTan
QAVOLEVO 1EMOEC.

e o ta Newtonian pguotd, T0 @ovOUEVO 1IEMOEC €ival 160 e To 1EMOES Ko ival
aveEdptnTo and tov puouod ddTunonc.

Bingham plastic
Crude oil (60 °F)

Shear thinning —,

Newtonian

Water (60 °F)

Shearing stress, t
Shearing stress, 7

Water (100 °F)

~—— Shear thickening

Air (60 °F)

) . du
Rate of shearing strain, if\' Rate of shearing strain, @
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000
, : , 0ecs
Katnyopiec Mn-Newtonian pgvetov | ec¢
o0
o
To 1Emoeg petafarreton e 1o puOUO ddTunong 1 TN SATUNTIKY TAOT,
aAld etvar aveaptnto Tov ypovov T = f (y)
(av 1°° BaBpod to pevotd sival Nevtmvelo)
» Shear-thinning pevoro (1=ky", 0 <n<1)
. To atvOpeEVo 1EMOES LELOVETOL LLE TNV AVENGT TOV
pvOUOV ddTunong.
. I'a oA peydAovg kot moAd pikpovg puOpove
ddTunong £xovv Nevtwvelo GuumepPLPopd. Bingham plastic .
. k: Agiktnc ocuvoyng, m6co 1EMOES tval 10 peVCTO, e
n: TOGOGTO OOKAMONG amd NEVTOVELDN GUUTEPLPOPD,
. (70, MITOVTIKA Unyovov, LeEAdvL EKTHT®OONG) T

Newtonian fluid

> Shear-thickening pevora (t=ky*, n> 1)
. To @avouevo 1EmOeS avédvetar pe tnv adénon tov

pLOUOV ddTunonc.
. (.. VYPO TOIUEVTOTKVPOOEUN, CLMPT|LUOTO GTEPEDV Shear thickening
ce VYPA) —

7 7 . . . _ T
»Ihaotikd kotd Bingham (Bingham plastics) (T - 15 = W,Y) 4
[Topapdpemon tov pevoToL Yo T < T,
Pon Nevtovewa yua t > 1,
(1.y. odovtomacTa, LoyloveLa)
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Kotnyopiec Mn-Newtonian pevetmv 3

o To 1moec petaParietor (Kat) He 10 ¥pOVO EQAPUOYNC TNG
olaTunTIKNG téone, T =1 (y,t)
> OwEotpomikd (Thixotropic)
>  Meiowomn tov eovoueEVoL 1EDOOVE LE TO YPOVO ETEVEPYELNG
NG SLLTUNTIKNC TAoNG (TT.Y. ¥poduato Bagng, 6To Kovti
LEYAAO 1EDOEC Y10 VoL UnV amoywpilovToat o1 YpwoTIKES amd
70 OL0ADT], GTO OVOKATELO-ETAAELYT Lelmon 1EDOOVS, GTO
oTEYVOUO, aVENGN 1EDO0VG)

A

| > Ta onueia A kol B avtiotoryobv o€ 2 S10popeTIKES TIEG

| OLLTUNTIKNG TAONG Yo ToV 1010 puOud drdtunonc, aAid Kot
Li Y10l OLOLPOPETIKN OLAPKELD ELEVEPYELAC TG OLOLTUNTIKNG

TAoNG

> :
> Peomnkrtikd (reopectic)

> Avtifetn ocoumepipopd, avENGT TOV PALVOUEVOD 1EMAOVS LIE
TO YPOVO EMEVEPYELOG TNG OLOITUNTIKNG TAONC (TT.Y.

UTETOVITNG)
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Type of fluid

Behaviour

Characteristics

Examples

Plastic solids

Perfectly plastic

Strain (mapoapdpewon) does not result in opposing
stress

Ductile metals (eAatd) past the yield
point (onpeio TapapdPPMOONS)

Bingham plastic

Linear relationship between shear stress
(dtatunTikn Taon) and rate of strain once
threshold shear stress exceeded

Yield pseudo-plastic

Pseudo-plastic above some threshold shear stress

Yield dilatant

Dilatant above some threshold shear stress

OdovtomaoTo

Mud, some colloids, Adonn yeotpricewv

Power-law fluids

Pseudoplastic or "shear

(generalized
Newtonian fluids)

thinning"

Apparent viscosity reduces with increasing rate of
shear

Some colloids, clay, milk, gelatin, blood
and liquid cement, Amavtikd, pehdvi
EKTOTOONC, KOALO TOmETGOPIOG

Dilatant
(droTEAAOEV) OF
"shear thickening"

Apparent viscosity increases with increasing rate
of shear

Concentrated solution of sugar in water,
suspensions of rice starch or corn starch,
VYPO TGUYLEVTOGKLPOOELQ

Viscoelastic -
having both
viscous and elastic

Maxwell material

"Series" linear combination of elastic and viscous
effects

metals, composite materials

properties

Kelvin material

"Parallel" linear combination of elastic and
viscous effects

Bitumen (do@aitog), dough ({oun),
nylon, and Silly Putty (ot6%0¢)

Time-dependent
viscosity

Anelastic Material returns to a well-defined "rest shape"
: A t viscosity i ith duration of . .
Rheopectic PParciit VISCOSTY INCTeases With Cufation o Some lubricants, pretovitng

stress

Thixotropic

Apparent viscosity decreases with duration of
stress

Non-drip paints (ypopota Boerg),
tomato ketchup and most honey
varieties.

Generalized Newtonian fluids

(idealized fluid)

Stress depends on normal and shear strain rates
and also the pressure applied on it

Blood, Custard (yoAoxtomita)




Tpoyooia tov Aberfan, 1966

(Katappevon Oiotpomkav telpdtov, 144 vekpol, 114 noroua)



http://upload.wikimedia.org/wikipedia/en/a/a8/Aberfan_Disaster.jpg

Avtinon Non-Newtonian pguotov oe

To 1mdec Tovg petafPdAieTon cLVAPTNGEL TG SUTUNTIKNC TAGNS KA1 TOL YPOVOL
OLATUNONG, YEYOVOS OV EMNPEALEL AUEGA TN POTKT] CLUTEPLPOPE KATA T LETAUPOPT.

H ntdon nieong o€ aymyovg 0ev meptypa@eTot EMOPKOS 0o TIG KAUGIKES EEIGMOGELS Y10,
Newtonian pevoTd Kol oottel ¥p1on KATAAANA®Y PEOLOYIK®OV LOVTEAMV.

H vdpavikn oyedioon (avtiies, aymyol, avoUEIKTNPES) TPEMEL VO AAUPAVEL LTTOYN TN
LETAPANTOTNTO TOV GUVOLEVOL 1EDMOOVS Ko TNV TThavi) Vtapsén Tdong dlappornc.

H emiloyn e€onMopod amattel GuVEKTIUNGT TOGO DOPAVMKOV OGO KOl PEOAOYIKOV
TOPAUETPOV Y10 TNV OTOPLYY| AGTAOELNS, VTEPPOPTMOGNG 1| U1 OTTOJOTIKNG AEITOVPYIOG.

N N\
A /A /
Xp1Momn OVTAIOV GTEPDUOTOC Y10l
TNV TEPIMTOOT VYPDOV LYNAOD
o 1E®O0VG (1 po1 opeireTal akpPmc
EREQUH oTIC 1EMOELS OVVAELS, TT.Y.
o\vpepn).
</ / 7/ / moAvUEPT)
X N\

Tolgwua

AMNO-MMA Mnxavikr) PeucTtwyv 88
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